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Abstract
Background: OFFGEL isoelectric focussing (IEF) has become a popular tool in proteomics to fractionate peptides or 
proteins. As a consequence there is a need for software solutions supporting data mining, interpretation and 
characterisation of experimental quality.
Results: We can assess performance characteristics of OFFGEL IEF peptide fractionation in proteomics by generating 
plots of the overall fractionation patterns and the pairwise comparisons of adjacent fractions.
Conclusions: A visualisation tool for peptide fractionation has been developed to support the evaluation of IEF data 
quality and can be implemented in proteomics research.
Background
Most proteomics workflows from complex biological
matrices require extensive sample processing at peptide
or protein level to increase identification coverage.
Recently, due to its separation capabilities, ease of use
and relatively low cost, OFFGEL isoelectric focussing
(IEF) has become a popular tool to fractionate proteins
and peptides by their isoelectric point (pI) prior to LC-
MS/MS [1,2]. The increase in the number of peptide
identifications acquired from all fractions compared to
the number derived from unfractionated samples demon-
strates the value of this technology [3]. The IEF separa-
tion performance has been illustrated in detail for
example by displaying in histograms the percentage of
unique peptides identified in each fraction and the num-
ber of fractions in which each distinct peptide was found
[4]. Furthermore, the correlation between estimated and
experimental peptide pI has been demonstrated [5-7]. As
an extension of these interpretation methods, this article
presents a visualisation tool that illustrates the overall
separation performance and displays the spread of pep-
tides in common across adjacent IEF fractions. To evalu-
ate this spread this tool enables sorting the peptide
identifications by calculated pI, mass or MASCOT score.
The visualisation tool also allows importing scores
obtained from other search engines and can extract for
each peptide different intrisic parameters, for example
hydrophobicity [8] or a value describing the length of the
pH range where the net charge of the peptide is below a
selected threshold.
Implementation
In order to fetch estimated peptide pIs and molecular
weights from bioinformatics web sites like [9] or [10], a
HTTP page retrieving package was mandatory and
implemented in this tool. We opted for the Perl language
and its HTTP request module [11,12]. The graphical ren-
dering requires Gnuplot which is a plotting utility origi-
nally created to allow scientists to visualise mathematical
functions and data [13]. All three pieces of software are
freely available on a large number of platforms. The final
output is a one page PNG (Portable Network Graphics),
PDF (Portable Document Format) or Postcript file as
illustrated in Figure 1.
The implementation relies on a Perl program whose
output is a Gnuplot script that produces all the graphics.
As inputs the tool reads a tab delimited text file contain-
ing the peptide sequences, estimated pIs, molecular
weights and MASCOT scores and an optional tab delim-
ited file containing the expected pH ranges for each frac-
tion. A missing pI value or molecular weight
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automatically triggers the request of the corresponding
information from the web site of choice.
The box plot (Figure 1a, [14]) and histogram (Figure 1b)
graphics have been previously presented and generated
with other programs [4,6,7]: these are included for com-
pleteness. In addition this program generates three new
figures which have not been previously presented. Figure
1c showing the overall fractionation pattern is a bitmap
picture. A short fixed length horizontal segment of pixels
is filled if a peptide is present in a fraction such that its
repetition in different fractions creates longer segments.
The colours help count the number of fractions covered
Figure 1 Graphical output of the visualisation tool illustrating IEF separation performance.
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(d) Pairwise comparison of adjacent fractions (89.6% of all the spreads); disc areas are proportional to the number of peptides displayed underneath,
overlap areas to the number of peptides in common displayed at circle intersections.
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(e) Peptides ranked by pI in each fraction; widths of the columns are proportional to pI values ∈ [3.83, 10.18] and lines show shared peptides
across adjacent fractions. Line colours render the length of the range of the peptide pH values for Z ∈ [-0.01:+0.01].
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(b) Proportions of unique peptides per fraction.
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(a) Distributions of pI values per fraction; fraction labels display the minimum/maximum of the lower/upper quartile as a subscript/superscript.
Interquartile range
Mild outlier
Extreme outlier
Lower/upper quartile
Median value
Expected pH range
1 (72.0%)
2 (16.0%)
3 (5.6%)
4 (2.6%)
5 (1.6%)
6 (0.9%)
7 (0.4%)
8 (0.4%)
9 (0.2%)
10 (0.2%)
11 (0.0%)
12 (0.0%)
13.8
4.2 23.9
4.6 34.1
4.7 44.3
4.8 54.5
5.0 64.6
6.1 75.2
6.3 85.2
6.1 95.2
6.3 105.5
6.2 115.7
6.2 125.7
6.2 135.7
6.3 145.4
6.9 156.0
6.9 166.7
6.9 176.7
7.0 188.6
8.8 198.2
9.8 208.2
8.8 218.2
8.8 228.3
8.8 238.2
9.8 248.3
10.2
P
e
p
t
i
d
e
 
s
p
a
n
 
(
p
e
r
c
e
n
t
a
g
e
 
o
f
 
p
e
p
t
i
d
e
s
)
Fraction
(c) Overall IEF fractionation pattern showing the distribution of unique and n-spanned peptides.Azulay et al. BMC Bioinformatics 2010, 11:371
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by long lines and are preserved in the other two figures.
Since Figure 1d displays fractions as circles with variable
diameters, the colours help align the fractions from the
plots above and below. Intersecting points are computed
and arcs of circles are drawn to render the overlap [15].
Finally Figure 1e is built from stacks of variable length
horizontal segments correlated with estimated pI values:
every peptide is displayed as a centered segment and is
automatically joined by a line if detected in an adjacent
fraction.
The net charge versus pH titration curve is calculated
for each peptide in 0.1 pH unit increments across the pH
range from 1 to 14 using the acid dissociation constants
from [16]. Parameters such as the length of the pH range
where the net charge is below a threshold value (i.e. ±
0.01) are then derived and displayed in Figure 1e with
shades of grey for the connecting lines between columns.
Results
The following data set was used: proteins from a Huh7
cell lysate were used as a model system; reduced, alky-
lated and digested with trypsin. Peptide separation was
performed on a 3100 OFFGEL fractionator as described
elsewhere [4]. A total of 24 fractions were collected and
analysed on a nanoLC Ultimate 3000 (Dionex, UK) cou-
pled on-line to a Qstar pulsar i mass spectrometer
(Applied Biosystems, UK). Data were searched utilising
MASCOT Version 2.1.04 (Matrix Science, London, UK)
within the human taxonomy of the SwissProt R50 data-
base. Identified peptide sequences were extracted
together with mass, ion score and estimated pI (calcu-
lated with [9] here; where references and documentation
is available).
A peptide detected in n distinct fractions is defined as
n-spanned, one detected in a single fraction as unique. A
box plot of peptide pI distributions per fraction (Figure
1a) shows that average pI values fit reasonably well with
expected pH ranges [4,6,7,17]. Expected pH ranges for
each fraction were obtained from the manufacturer and
overlaid with experimental pI (dotted lines). A histogram
that displays the percentage of unique peptides per frac-
tion (Figure 1b) helps evaluate the fractionation quality,
and is in agreement with reported data [4,6]. A plot of the
general distributions of these spans assists with further
evaluation of IEF performance (Figure 1c). Every peptide,
either unique or n-spanned, is given an arbitrary number
as an identifier based on the width of its span. Peptides
identified in each fraction (x-axis) are then sorted by their
identifier and categorised by their n-span (unique, 2-
span, 3-span, etc.; y-axis). The plot visualises the overall
fractionation pattern of this IEF experiment and how dif-
ferent n-spanned categories contribute to overall peptide
identifications in each fraction. In accordance with previ-
ous findings [3], the lowest separation performance was
observed in the middle pH range (F6-F15) with Figure 1c
showing contributions from unique up to 12 spanned
peptides. Basic peptides (F19-F24) were found to have a
slightly narrower span, whilst the highest focussing per-
formance was observed in the acidic pH range (F1-F5)
with most peptides not spanning more than 2 fractions.
Of all peptide identifications, 72.1% were unique. The
widest span corresponded to a 12-spanned peptide
(sequence VADIGLAAWGR) consisting of a 10-span
across the neutral pH range and a 2-span in the final basic
fractions, which originated from the abundant protein S-
adenosylhomocysteine hydrolase.
A total of 27.9% of all peptide identifications were
found to be non-unique (Figure 1c), with peptide spans
ranging from 2 to 12, which can be identified across adja-
cent fractions or contain gaps. In order to visualise the
extent of this spread across all adjacent fractions only
(89.4% of all the spreads in our data set), a Venn-like sum-
mary diagram was designed (Figure 1d). The areas of the
circles are proportional to the number of peptides identi-
fied in a fraction and the areas of their intersection to the
number of peptides in common (numbers are displayed
were circles intersect). This pairwise comparison rein-
forces that in the acidic pH region, where circles intersect
less, the peptide focussing performance is superior. For
example, F3 and F4 had 37 peptides in common out of
322 and 265, respectively. In contrast, F10 and F11 in the
neutral pH range had 146 peptides in common out of 298
and 290.
Another data display format was developed to help elu-
cidate the nature of the spread between adjacent fractions
(Figure 1e). Within each fraction, peptides are first sorted
according to their estimated pI, then plotted as short hor-
izontal segments whose length is proportional to their pI
and assembled to columns which progressively become
w i d e r  f r o m  t o p  t o  b o t t o m  a n d  l e f t  t o  r i g h t .  P e p t i d e s
shared across adjacent fractions are connected by a line.
I f  f r a c t i o n s  F 1  a n d  F 2  w e r e  i d e n t i c a l ,  t h e i r  b a r  l e n g t h
would be equal and the lines in between all horizontal.
Because of the progressive increase of the theoretical pI
ranges from left to right, lines should ideally join peptides
in common from the higher pI range at the bottom of one
fraction to the lower pI range at the top of the next frac-
tion, inducing only positive slopes. This pattern -where
observed- is expected for a continuous separation
method where discrete fractions were collected, which
arbitrarily section individual peptide separation profiles.
However, slopes of connecting lines may be negative and
a general trend may not be discernable, when either the
overlap is too large or discrepancies exist between esti-
mated and experimental pIs.
Many peptides especially with neutral pI values have
flat charge versus pH titration curves around their pI and
hence are less likely to fractionate well in isoelectricAzulay et al. BMC Bioinformatics 2010, 11:371
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focussing [18]. This tool calculates and extracts for each
peptide a parameter that describes the length of the pH
range where the net charge of the peptide is below a
threshold value (i.e. ± 0.01). The connecting lines
between the columns in Figure 1e, reflecting the peptide
spanning between OF-FGEL fractions, are graded on a
grey scale corresponding to the length of pH range where
the net charge falls within the selected threshold margins
(the darker the line, the wider the pH range). Figure 1e
shows that this parameter, an intrinsic peptide property,
is a major contributor to the poor experimental fraction-
ation performance around the neutral pH range resulting
in insufficient focussing. This facilitates a meaningful
assessment of the fit between the theoretically expected
and the experimentally observed peptide distributions
across the OFFGEL fractions.
Conclusions
In conclusion, a visualisation tool for peptide fraction-
ation has been developed to support the evaluation of IEF
data quality and may be implemented in proteomics
research or device optimisation. Peptide n-spans across
fractions can be determined, pairwise comparison
between adjacent fractions quantified and the nature of
spread elucidated. This tool is portable to other platforms
(e.g. Bioconductor [19]) and transferable to other pro-
teomics fractionation techniques such as ion exchange
chromatography or other types of IEF.
Availability and requirements
• Project name: iefviz
• Project home page: http://sourceforge.net/proj-
ects/iefviz/
• Operating system: Linux
• Programming language: Perl 5.8
• Other requirement: Gnuplot 4.2
• License: GNU GPL
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